Introduction
The adult mammalian olfactory system is unusual in that olfactory neurons are regularly renewed throughout life [1] . This remarkable regenerative property of the olfactory system is thought to be in part due to a special type of glia cells [2, 3] , the olfactory ensheathing cells (OECs), which support and guide the growth of olfactory axons and ensheath the bundles of olfactory nerves that extend from the olfactory epithelium to the olfactory bulb [4] . Owing to these unique roles, OEC transplantation has emerged as a promising experimental therapy for axonal injuries and demyelinating disease [5] . Experimental studies have shown that OECs transplanted near nerve injury sites can not only promote the re-growth of injured axons [6] [7] [8] , but also form myelin sheaths around demyelinated axons, leading to the restoration of axonal functions [9] [10] [11] [12] [13] [14] [15] . Moreover, transplantation of autologous OECs into the injured spinal cord in human is feasible and is safe up to 1 year after implantation [16] .
Although OECs have been successfully used in many transplantation experiments with encouraging outcomes, some fundamental cellular properties of OECs remain unclear, such as their motility under different physiological conditions. The migratory ability of OECs is important for the development of the olfactory system and neural regeneration [11, [17] [18] [19] . During embryonic development, OECs are derived from olfactory placode, migrate out of the olfactory epithelium along the olfactory axons from the lamina propria, go through the cribriform plate into the cranial cavity and finally form the glia limitations surrounding the olfactory bulb [17] . The elongation of olfactory axons through the lamina propria may be largely attributed to the behavior of the migrating OECs that accompany the nerve fibers [20] . Several studies have reported that distinct OEC subpopulations exist in the olfactory system, based on their morphology and antigenic profiles [4, 21, 22] . For example, OECs from the lamina propria express unique developmentally important proteins such as NG2, which is not expressed in OECs from the olfactory bulb [22] . However, whether these distinct OEC subpopulations display different migratory properties during embryonic development is not clear.
After transplantation, OECs can migrate a long distance from the area of surgical placement to the lesion site and can associate with extending axons [8, 9, 11, 23, 24] . The migratory properties of OECs are thought to account for their repair qualities. Cultured OECs have been described as two subpopulations [25] [26] [27] . One subpopulation is known as the Schwann cell-like OECs, which have a long fusiform bipolar morphology; the other is known as the astrocytelike OECs, which have a flat sheet-like morphology. Interestingly, several studies have shown that Schwann cell-like OECs are more effective in promoting axonal regeneration than astrocyte-like OECs in vitro and in vivo [11, [28] [29] [30] . Transplanted OECs from the lamina propria and olfactory bulb, which display differential integration and migration, promote differential axonal sprouting in the lesioned spinal cord [31] . However, little is known about the migratory properties of these OEC subpopulations.
In this study, we examined the migratory properties of these distinct OEC subpopulations in vitro. Based on time-lapse imaging of the migratory behavior of single isolated OECs, we found that OEC subpopulations exhibit remarkable difference in their motility.
Results

OEC subpopulations exhibit different migratory properties
Consistent with previous reports [25] , OECs displayed mainly two kinds of morphology in the primary culture system. One was the Schwann cell-like morphology, with two processes and a long fusiform bipolar form (Figure 1A  a) ; the other was the astrocyte-like morphology, with short randomly orientated processes and flat sheet-like shape ( Figure 1A b, c) . In our studies, however, the latter could be further divided into two subtypes according to the location of the nucleus. As shown in Figure 1A b, astrocyte-like type 1 OECs were defined as those exhibiting a fan-like shape, with a nucleus lying at the edge of cytoplasm and a large lamellipodium extending from the opposite side to the nucleus. Astrocyte-like type 2 OECs were defined as those having a round shape and a nucleus lying at the center of cytoplasm ( Figure 1A c) . The proportion of each morphological type in the cultures changed with the length of culture time. The proportion of Schwann cell-like OECs significantly decreased from 48.5% at 12 h to 33.3% at 36 h, and astrocyte-like type 2 cells significantly increased from 24.3% at 12 h to 41% at 36 h (Supplementary information, Figure S1 ); however, the proportion of astrocyte-like type 1 cells changed little.
To further confirm whether cells with different shapes were genuine OECs in our culture system, we chose the OEC markers S-100, p75 NTR and GFAP to identify them [15, 22, 34] . We performed double-label immunostaining for these subpopulations. Only cells that were immunopositive for two markers were counted as OECs (see Materials and Methods). As shown in Figure 1B , C, Schwann cell-like OECs were immunopositive for p75 NTR and GFAP (97.3%), p75 NTR and S-100 (96.3%), and S-100 and GFAP (96.5%). Astrocyte-like type 1 OECs were also very pure because they were immunopositive for p75 NTR and GFAP (94.8%), p75 NTR and S-100 (95%), and S-100 and GFAP (95.3%). Astrocyte-like type 2 OECs were immunopositive for p75 NTR and GFAP (91.8%), p75 NTR and S-100 (91.5%), and S-100 and GFAP (90.5%). The high purity of each OEC subpopulation reinforced our classification of OECs and experiments as follows.
To examine the migratory properties of these distinct OEC subpopulations, we developed a single-cell migration assay (see Materials and Methods). Under the microscope, we selected cells with typical OEC morphology that had no contact with any other cells. Based on time-lapse imaging of the migratory behavior of single isolated OECs, we found that there were three major modes of OEC migration, which were adopted by the three OEC subpopulations (Figure 2 and Supplementary information, Movies 1-3).
The first mode of migration was adopted by the Schwann cell-like OECs (Figure 2A ), which had a bipolar fusiform shape. They sent out two processes during migration. One of the processes that had larger lamellipodia and/or higher dynamic filopodia and extended in the direction of cell migration was considered the 'leading process'; the other process in the opposite direction that had smaller lamellipodia and/or less dynamic filopodia was considered the 'trailing process'. As the leading process moved ahead, the nucleus of the OEC moved forwards simultaneously. Meanwhile, the trailing process underwent gradual retraction, with transient extension at its tip in some cases.
The second mode of migration was adopted by most astrocyte-like type 1 OECs (Figure 2B a) . These cells did not have an obvious leading process and trailing process, but had one large lamellipodium extending forwards, with the soma following at the back. The entire cell moved as a unit, maintaining its fan-like morphology during migration.
In the third mode ( Figure 2B b) , the OECs were mobilized by extensions and retractions of the lamellipodia and filopodia. The cell had a disk-like shape with its nucleus at the center of the cell. The lamellipodia and filopodia adhered to the substrate with the tips extending and retracting constantly. The entire cell also moved as a unit at a very slow rate. This migration mode was mainly adopted by astrocyte-like type 2 OECs.
To quantify the motility of each OEC subpopulation, Figure 2C . Statistical analysis of the distribution indicated a significant difference in the motility among the different OEC subpopulations. Schwann cell-like OECs were more motile than astrocyte-like OECs. Interestingly, astrocyte-like type 1 OECs had higher motility than astrocyte-like type 2 OECs. This tendency was also reflected in the average migration rates of the OEC subpopulations ( Figure 2D ). To further study the motility differences between the OEC subpopulations, we next examined OEC migration on other culture substrates, including Matrigel, collagen gel, and poly-l-lysine (PLL). As shown in Figure 3 , quantitative analysis of the motilities of the OEC subpopulations on these three substrates showed similar results to those found on laminin, with Schwann cell-like OECs being more motile than astrocyte-like OECs and astrocyte-like type 1 OECs having higher motility than astrocyte-like type 2 OECs.
OEC subpopulations have different cytoskeletal organizations
Since the reorganization of the cytoskeleton is essential for cell motility [38] , we next examined whether different motilities of OEC subpopulations could be attributed to the different expression patterns of F-actin and microtubule cytoskeleton. To visualize F-actin and the microtubules, OEC was fixed and simultaneously labeled for F-actin using rhodamine-conjugated phalloidin and microtubules with specific antibody against acetylated a-tubulin, the marker for stable microtubules. As shown in Figure 4A , in the Schwann cell-like OECs, actin filaments were predominant in the peripheral domain of lamellipodia, whereas bundles of microtubules were localized to the central domain, parallel to the F-actin bundles. A few free microtubules penetrated into the peripheral domain. However, in astrocyte-like type 1 OECs, bundles of microtubules extended 
OEC subpopulations have different responses upon lysophosphatidic acid (LPA) stimulation
The above results show that the OEC subpopulations display different motility during their free migration on the same substrate. We next examined whether the distinct OEC subpopulations have different responses to the same migratory factor. Here, we developed a novel directional migration assay, which was adapted from an axon growth cone turning assay [35] and a single neuron migration assay [36] . To perform this assay, a microscopic gradient of migratory cue was produced by repetitive puffing of the solutions containing the candidate cues through a micropipette placed at a distance of 100 mm in front of the soma of migrating OECs to mimic the gradient of migratory cues in vivo. Under this standard condition, the concentration of factor at a distance of 100 mm from the pipette tip was about 10 -3 fold lower than in the pipette. Here, we tested the migratory cue LPA, which has been reported to promote the migration of OECs by using the trans-well migration assay [39] .
First, we examined whether LPA could promote Schwann-like OEC migration in this assay. One migrating Schwann cell-like OEC was monitored for a control period to measure the spontaneous migratory rate. A microscopic gradient of LPA was then applied in front of the migrating OEC. As illustrated in Figure 5B , within minutes after onset of the LPA gradient, the cell appeared to have enhanced motility compared with the control period. The leading process became longer and the lamellipodia became larger with increased dynamics. Finally, the cell was attracted to the tip of the micropipette. During this process, the nucleus moved ahead, while the trailing process retracted rapidly. By contrast, when the micropipette was loaded with PBS, the OEC migration was unaffected compared with the control period ( Figure 5A) . To compare the effect of LPA on the migration of OEC subpopulations, we measured the migration rates of the leading process, the soma and the trailing process after onset of the LPA gradient, normalized these values to those obtained during the control period (which we refer to as the migration rate ratio), and plotted the data on a cumulative distribution graph as shown in Figure 5C . A ratio >1 implies that migration is faster after treatment than before, which means that this treatment can promote OEC migration; conversely, A ratio <1 implies that migration is slower after treatment than before, which means that this treatment can inhibit OEC migration. We found most migration ratios in the presence of the LPA gradient were >1 ( Figure 5C ). Statistical analysis of the distribution (using the Kolmogorov-Smirnov test) indicated a significant right shift in the distribution graph after onset of the LPA gradient compared with the control migratory cells, with the average migration ratio under a LPA gradient significantly increased ( Figure 5D ). Thus, LPA promoted the migration of Schwann cell-like OECs.
We also found that LPA could promote the migration of astrocyte-like type 1 OECs. As shown in Figure 6A , the migration of astrocyte-like type 1 OECs was accelerated by a frontal gradient of LPA. Statistical analysis of the cumulative distribution revealed significant elevation in the migratory rate of OECs cells after onset of the LPA gradient compared with the control group ( Figure 6C ). Also, npg the average migration ratio was significantly increased by the LPA gradient ( Figure 6D ). However, for astrocyte-like type 2 OECs, there was no significant difference in migration ratio between the LPA-treated group and the control group ( Figure 6B-6D 
OEC subpopulations can spontaneously transform into each other
In the course of time-lapse imaging, we found that these distinct OEC subpopulations could spontaneously transform into each other, independent of any environmental stimuli. As shown in Figure 7A , one OEC displayed a typical morphology of Schwann cell-like OECs at the start of the time-lapse recording, but then rapidly transformed into an astrocyte-like type 1 OEC. During this transformation process, the leading process of this cell moved forward accompanied by enlarged lamellipodia, while there was a gradual retraction of the trailing process. After about half an hour, the leading process continued to move ahead, while the trailing process largely retracted. Finally, the trailing process completely retracted and disappeared, and the leading process became a large lamellipodium. The entire cell became a typical astrocyte-like type 1 OEC. Quantitative analysis revealed that 22% of 51 Schwann cell-like OECs transformed into astrocyte-like type 1 OECs in 1 h ( Figure 7E) .
We also observed that single astrocyte-like type 1 OECs rapidly transformed into Schwann cell-like OECs. As shown in Figure 7B , the lamellipodia of this astrocyte-like type 1 OECs cell gradually became smaller and longer, then the lamellipodia in the middle of the soma disappeared and the lamellipodia at the two ends of the cell were enlarged and elongated, and slowly grew into two processes. Finally, this cell became bipolar, a typical morphology of Schwann cell-like OECs. We found that 22% of 55 astrocyte-like type 1 OECs transformed into Schwann cell-like OECs in 1 h ( Figure 7E) .
Interestingly, two subtypes of astrocyte-like OECs also could transform into each other. As shown in Figure 7C , this astrocyte-like type 1 OEC slowly grew lamellipodia Figure 7E ). Astrocyte-like type 2 OECs could also transform into type 1 OECs. As shown in Figure 7D , the lamellipodia on one side of this astrocyte-like type 2 OEC retracted and the lamellipodia on the other side enlarged. 
Discussion
To examine the migratory properties of each OEC subpopulation, we developed a single OEC cell migration assay in this study. Based on time-lapse imaging of the migratory behavior of single isolated OECs, we found that distinct OEC subpopulations exhibit different migratory properties. In our studies, laminin was chosen as a substrate as it is spatiotemporally expressed in the developing olfactory nerve pathway and can have an effect on the phenotypic characteristics of OECs [25, [40] [41] [42] . Moreover, the different migratory properties were confirmed on other culture substrates, including Matrigel, collagen-gel and PLL. We also found that OECs were more motile on laminin or Matrigel than on PLL or collagen I. These results suggest that the distinct OEC subpopulations display different intrinsic migratory properties during their free migration on the same substrate.
In order to migrate, cells must be polarized [43, 44] . For example, motile T cells display a polarized morphology with polarized organization of cytoskeletal proteins such as a-tubulin [45] . In this study, we found that Schwann cell-like OECs were more motile than astrocyte-like OECs and astrocyte-like type 1 OECs were more motile than [4, 11, 25, 46] . However, the relationships between the different morphological phenotypes are not clear. Recent findings have demonstrated that OECs display plasticity in morphology that is dependent on environmental stimuli [4, 25, 27, 34, 47] . For example, cultured OECs underwent rapid and reversible change between a flat sheet-like morphology in the presence of serum and a fusiform bipolar morphology in the absence of serum [27, 34] . Consistent with these previous reports, different morphological phenotypes were described in our culture system. Interestingly, we found that these distinct OEC subpopulations with different migratory properties could transform into each other spontaneously. We found that these rapid morphological changes were intrinsic to OECs, but were not due to environmental stimuli based on the following evidence. First, based on time-lapse imaging, we observed the behavior of single isolated OECs, which were not attached to any other cells. Second, in our system, the temperature was held constant over time and the serum-free medium was covered by a layer of silicon oil to prevent evaporation and any change in pH. Thus, it was unlikely that any morphological change was induced by alterations to the culture conditions. Third, unlike the OECs, neurons and astrocytes showed fairly stable morphologies under the same culture conditions (data not shown). Thus, we could show that OECs display an intrinsic plasticity in morphology, which is independent of environmental stimuli. Meanwhile, we observed a direct transformation between Schwann cell-like OECs and astrocyte-like type 1 OECs, but not between Schwann cell-like OECs and astrocyte-like type 2 OECs, which suggests that astrocyte-like type 1 OECs may represent an intermediate phenotype between Schwann cell-like OECs and astrocytelike type 2 OECs.
Our results strongly support the idea that OECs are a single type of cell with malleable phenotypes, which can transform into each other, rather than being discrete subpopulations. These rapid OEC transformations are probably mediated by the RhoA signaling pathway, as it has been found that OECs mainly adopt a flat morphology upon RhoA activation by endothelin-1, and a process-bearing morphology upon RhoA inactivation by dBcAMP [34] . Consistent with a previous report [34] , we also found that dBcAMP could induce the switch from astrocyte-like OECs to Schwann cell-like OECs within 1 h in a dose-dependent manner (Supplementary information, Figure S2 ). Further studies are necessary to elucidate the OEC transformation mechanism.
The different migratory properties of OEC subpopulations in vitro may indicate their distinct functional properties in vivo. During development, Schwann cell-like OECs may represent newborn OECs migrating from the olfactory epithelium to the olfactory bulb. In the migration path to the olfactory bulb, either spontaneously or simulated by some extracellular factors, some of these OECs may transform into astrocyte-like type 2 OECs that have dramatically reduced motility and so stop in the olfactory pathway to serve as a substrate for axon growth or to ensheath olfactory axons. Transplanted OECs have been shown to migrate with regenerating axons through unfavorable environments in the CNS [11] , and to mingle well with astrocytes in the adult brain [11, 31, 48] . Therefore, the ability of OECs to migrate in the CNS is thought to be crucial for neural regeneration and re-ensheathment after spinal cord injury. Further to this, studies have shown that several factors are involved in the regulation of OEC migration [33, 39, 49] . Transplanted OECs face a more complex environment during their migration, as they interact with a greater variety of cell types (such as reactive astrocytes) and with the many factors that are produced through injury. Our results indicate that these interactions may induce the morphology change in transplanted OECs, and/or affect their migration, which thereby influences the regeneration-promoting ability of OECs.
Interestingly, Schwann cell-like OECs but not astrocytelike OECs have been thought to be a regeneration-promoting phenotype as they myelinate axons and promote neurite outgrowth more effectively [9, 11, 28, 50, 51] . This property of Schwann cell-like OECs may be in part due to their higher motility. In successful axonal regeneration, OECs always adopt a spindle-shaped morphology (Schwann celllike OECs), forming a bridge or scaffold, which facilitates the growth of axons across the glial scar [11, 52] . Thus, it is of interest to test whether selectively choosing Schwann cell-like OECs for transplantation will improve the therapeutic properties of OECs in treating CNS injury. Further studies are necessary to elucidate the migratory properties of OEC subpopulations in vivo. In summary, this set of experiments has demonstrated for the first time that distinct OEC subpopulations display different migratory properties in vitro. These results provided new evidence to support the notion of OECs as a single-cell type with malleable functional phenotypes.
Materials and Methods
Primary culture and purification of OECs
All procedures conducted on animals were approved by the Animal Experimentation Ethics Committee of Zhejiang University. Primary OEC cultures were prepared from olfactory bulbs of adult male Sprague-Dawley rats and purified by differential cell adhesiveness as described previously [32, 33] . In brief, the olfactory nerve layer was peeled away carefully from the rest of the olfactory bulb, dissociated using 0.25% trypsin (Sigma, St Louis, MO) and incubated at 37 °C for 15 min. Trypsinization was stopped by DMEM/F12 (1:1 vol/vol, Gibco, Grand Island, NY) containing 15% heat-inactivated fetal bovine serum (FBS, Hyclone, Logan, UT). The tissue was then centrifuged for 10 min at 500×g. The pellet was triturated using a flame-polished Pasteur pipette and plated on an uncoated 25 cm 2 culture flask twice, each time for 36 h at 37 °C in 5% CO 2. The nonadhesive cell suspension was collected and then seeded onto 35 or 60 mm dishes (Corning, LY) that were pre-coated with PLL (0.1 mg/ml, Sigma), and incubated with DMEM/F-12 containing 15% FBS as mitogen, 2 mM forskolin (Sigma) and 10 ng/ml bFGF (Sigma). The media were changed every 3 days. The overall purity of OECs was around 95% (Supplementary information, Figure S1 ).
OECs on substrate-coated coverslips
Cleaned square glass coverslips (8 mm) were immersed in 75% ethanol (v/v) and flame sterilized. Coverslips were coated with different substrates as follows: PLL (0.1 mg/ml, Sigma), laminin (10 µg/ml, Sigma), Matrigel matrix (50 µg/ml, BD Bioscience) or Collagen I (50 µg/ml, Cultrex) for 4-6 h at room temperature, and then washed three times with PBS. The purified OECs were re-plated onto the coated coverslips at a density of 1000 cells per coverslip. At 24 h after plating, the OECs were used for the experiments.
Immunocytochemistry and cytoskeleton staining
In brief, the purified OECs were re-plated onto the square coverslips (8 mm) coated with laminin (10 µg/ml, Sigma) at a density of 1 000 cells per coverslip, fixed with fresh 4% paraformaldehyde in 0.1 M PBS (pH 7.4) for 20 min after culturing for 24 h. After washing with PBS, cells were permeabilized with 0.2% Triton X-100 in 0.1 M PBS for 5 min, followed by incubation in blocking buffer (5% normal goat serum and 0.2% Triton X-100 in 0.1 M PBS, pH 7.4) for 1 h, and incubated overnight at 4 °C with polyclonal antibodies against GFAP (1:500, Sigma) or p-75 (1:500, Promega, Madison, WI); with a monoclonal anti-p-75 antibody (1:200, Chemicon, Temecula, CA) or acetylated tubulin (1:1 000, Sigma); or with S-100 (1:1 000, Sigma) diluted in the blocking buffer. Cells were washed three times with PBS and incubated for 1 h at room temperature with an appropriate fluorescence-conjugated secondary antibody (1:1 000, Molecular probe, Eugene, OR), and then visualized using confocal or fluorescence microscopy (FV1000, Olympus). No positive signal was observed in control incubations using no primary antibody. For visualization of F-actin, cells were incubated with rhodamine-conjugated phalloidin (1:60, Molecular probe) at room temperature for 1 h.
Characterization of OEC subpopulations
To define the OEC morphology, we adopted the following criteria [34] : Schwann cell-like OECs (process-bearing OECs) had very little cytoplasm and two or more fine processes that were longer than the width of the cell body ( Figure 1A a) , and astroctye-like OECs (flat OECs) had a large area of cytoplasm surrounding the nucleus and either fewer than two processes or processes that were shorter than the width of the cell body (Figure 1A b, c) . In our studies, the latter could be further divided into two subtypes according to the location of the nucleus. Astrocyte-like type 1 OECs (Figure 1A b) were defined as those exhibiting a fan-like shape, with a nucleus lying at the edge of the cytoplasm and a large lamellipodium extending from the opposite side to the nucleus. Astrocyte-like type 2 OECs were defined as those having a round shape and a nucleus lying at the center of the cytoplasm (Figure 1A c) . According to these criteria, we counted the total number of each subpopulation under bright-field microscopy, and counted the number of positive cells expressing OEC markers under fluorescence microscopy. The purity of each OEC subpopulation was analysed by determining the percentage of OEC subpopulations expressing the OEC markers (p-75, S-100, GFAP) from the total counted cells. Quantitative data were from three different cell cultures. Cells were counted in at least 20 randomly selected fields from one coverslip, and 100 cells for each subpopulation per coverslip (n = 4) were counted.
Single-cell migration assays
The gradients of factors were produced as described previously [35] [36] [37] with some modifications. In brief, the purified OEC cells were re-plated onto square coverslips (8 mm) coated with laminin (10 µg/ml) at a low density of about 1 000 cells per coverslip. At 24 h after plating, coverslips with cells were put into a chamber containing 1 ml serum-free Leibovitz's L-15 medium (L15, Gibco). The chamber was then covered with a thin layer of methyl-siloxane fluid to prevent evaporation. The experiments were carried out at the heated stage (37 °C) of a phase contrast microscope (CK40, Olympus Optial, Tokyo, Japan). Cells with a typical OEC morphology that were not attached to any other cells were selected. Micropipettes used in pulsatile ejection were pulled with a two-stage puller designed for making patch-clamp electrodes. A micropipette with a tip opening of about 1 mm was placed 15 mm perpendicular and 100 mm away from the center of the cell under test. A standard pressure pulse of 3 psi (1 psi = 6.89 kPa) in amplitude and 20 ms in duration was generated by a pulse generator and applied to the pipette at a frequency of 2 Hz. Under this standard condition, the concentration of factor at 100 mm from the pipette tip is about 10 -3 fold lower than in the pipette [35] . LPA (Sigma) was used for pipette application at 500 mM. Images of the migrating OECs were recorded, in a time-lapse mode (one picture every 5 min interval over a total time of 60 min), with a CCD camera (JVC TK-1381; Victor Company, Yokohama, Japan) attached to the microscope, and were then stored in a computer for further analysis using Scion imaging software (Frederock, MD). Some pictures were made as movies (Windows Movie Marker software), which are presented in the Supplementary information (Movies 1-3) .
We describe how to calculate the migration rate and what the migration rate ratio means (Supplementary information, Figure S3 ). In brief, we measured the distance of cell migration during a control www.cell-research.com | Cell Research Zhi-hui Huang et al. 489 npg period and after treatment, and calculated the respective migration rates (total migration/time). We then calculated the migration ratio (migration rate after treatment/migration rate during the control period). The cumulative data graphs were made using MS Excel Software. Each point represents the result from one OEC, and the data were plotted from small to large. The control period was about 20 min, and the time after treatment was about 60 min.
Statistical analysis
All data presented represent results from at least three independent experiments. Statistical analysis was performed using Student's t-test, the Kolmogorov-Smirnov test, or using an ANOVA with pair-wise comparisons. Statistical significance was defined as P < 0.05.
